Purpose: Eye closure sensitivity (ECS) has been described as a reflex trait in juvenile myoclonic epilepsy (JME). However, there is no consensus regarding its significance on prognosis. The aim of this study is to clarify the long-term impact of ECS documented by a clinical interview and a video-EEG neuropsychological protocol (VNPP) in a series of 133 JME patients. Methods: Data from 22 JME patients with ECS confirmed by a VNPP (Group 1) were compared with those of 20 JME patients without any reflex traits (Group 2). They were followed for a mean of 8.21 years (SD= ± 5.044). The frequency of seizures was assessed using a diary. Except for photosensitivity (PS), any other reflex traits occurrence, drugs/alcohol abuse intake, noncompliance, and Jeavons syndrome, were considered exclusion criteria. Results: Group 1 had a lower age at epilepsy onset (p = 0.028), higher incidence of febrile seizures (13.6%), and familial history of epilepsy (p = 0.023). Only 18.2% had self-perception of eyelid myoclonia (EM) (kappa coefficient = 0.193), which persisted in 77.3% of patients. Limb myoclonia, tonic-clonic seizures (TCS) and/or myoclonic-tonic-clonic seizures (MTCS), as well as absences were more frequent (p = 0.015; p = 0.013; p = 0.011, respectively) in Group 1. PS did not influenced frequency of EM (p = 1.0), absences (p = 0.648), or TCS/MTCS (p = 0.934). Psychiatric comorbidities were not different between groups. Conclusions: ECS is related to a worse outcome regarding control of all seizure types, persistence of EM, and higher frequency of limb myoclonia, as well as the total number of TCS and/or MTCS.
Introduction
Juvenile myoclonic epilepsy (JME) is a heterogeneous genetic generalized epilepsy (GGE) syndrome starting around puberty, comprising 5-10% of all epilepsies in large cohorts [1] . Myoclonic jerks of upper extremities, predominantly occurring after awakening, without loss of consciousness, constitute its main feature. Other seizure types are absences and tonic-clonic seizures (TCS) [2, 3] and/or myoclonictonic-clonic seizures (MTCS) according to the 2017 ILAE classification of seizures [4, 5] .
Eye closure sensitivity (ECS) is a unique EEG phenomenon described as the non-incidental appearance of transient epileptic abnormalities following the closure of the eyes for 1-4 s during a standard EEG recording [6] , eyelid myoclonia (EM) being its clinical expression. EM, with or without absences, triggered by eye closure, were firstly reported by Radovici et al. [7] . The description of Jeavons [8] allowed sufficient criteria for syndromic diagnosis, so that the eponym of Jeavons syndrome (JS), a condition of childhood onset, EM and absences (EMA), associated with brief bilateral spike and wave activity, spontaneous absences, possible occurrence of generalized TCS, and tendency to persist over the lifespan, has been considered a separate entity among GGEs [9] [10] [11] [12] . However, currently, it is still considered a seizure type by ILAE [13] , which occurs in several epileptic conditions [14, 15] , including JME [16] [17] [18] [19] [20] [21] [22] [23] [24] .
Reflex epileptic traits, such as praxis induction and visual stimuli triggering myoclonia, are set in Class II diagnostic criteria of JME [25] . These reflex traits, isolated or in clusters, might characterize different JME endophenotypes predisposing to varied therapeutic responses and prognoses [26] .
Since there is no consensus regarding the significance ECS on JME prognosis ( Fig. 1) [16, [19] [20] [21] [22] [23] [24] , the aim of this study is to clarify the long-term impact of this reflex trait documented by a clinical interview T and a video-EEG neuropsychological protocol (VNPP) in a series of JME patients.
Methods

Clinical evaluation
To determine the endophenotype of reflex traits in 133 JME patients, we used a semi-structured interview based on a questionnaire. All patients had the unequivocal diagnosis of JME, based on electroclinical characteristics, including normal physical and neurological examinations, routine blood tests, brain imaging (CT/MRI), and generalized 4-6 Hz spike or polyspike-wave complexes, sometimes asymmetric, on a normal background in routine EEGs. They have been followed in the outpatient clinic of a tertiary center (Epilepsy Section, Department of Neurology and Neurosurgery, Universidade Federal de São Paulo, São Paulo, Brazil).
Initially, a clinical interview focused on myoclonic seizures occurrence, self-perception of EM, and their circadian distribution (exclusively or predominantly on awakening, and the period of occurrence during the day) was applied. It was followed by a questionnaire regarding precipitant factors of seizures, including three questions: (a) Have you noticed any situations or states which do cause you to have more seizures?; (b) Can you identify some precipitating factors on this list: stress, sleep deprivation, specific thoughts/concentration, flashing lights, performing hand activities and complex finger manipulation, playing games, calculation, speaking in public, alcohol intake, playing musical instruments, listening to music, writing, dancing, drawing, menses, and others?; (c) Can you identify some factors or situations that would stop or inhibit your seizures?
Psychiatric comorbidity was also analyzed through Schedule Clinical Interview for DSM-IV, Axis I (ICD-10), and/or "The Mini-International Neuropsychiatric Interview" (MINI) [27] and the State-Trait Anxiety Inventory (STAI), aiming to measure state (STAI-S) and trait (STAI-T) anxiety components [28] . The results of the STAI fitted between 38 and 42 were considered normal, whereas results lower than 38 denoted a depressive tendency, and results higher than 42 were considered indicative of susceptibility to anxiety.
Video-EEG neuropsychological protocol
Our VNPP was based on those reported by Matsuoka et al. [29] and Guaranha et al. [30] . After obtaining informed consent, all patients had a 4-6 h video-EEG monitoring, comprehending a research protocol approved by our Ethics Committee. Video-EEG was recorded using a digital equipment (Biologic 1, software Ceegraph 1), with the 10-20
International Electrode System, in addition to perioral and deltoid electrodes, besides palpebral electrodes (a piezoelectric polyvinylidenefluoride film transducer, length = 2.0 cm, width = 0.5 cm, and weight = 4.5 g) [31] . The protocol was postponed for those who had presented TCS and/or MTCS over the last 48 h; antiepileptic drugs (AEDs) were maintained in all.
After sleeping only for up to 4 h, the patients had 30 min of awake EEG recording, used as baseline, followed by at least 5-min of awake tracing with closed eyes, and 5-min of each one of the following nine methods of activation: reading silently and aloud in native (Portuguese) and in a non-fluent (English) language; speaking aloud (about their seizures, a very stressful task); two praxis tasks (Rubik's cube, Jenga tower, Conundrum's cube, or Pyramid puzzle); blink reflex (by threat); and hyperventilation (HV). Intermittent photic stimulation (IPS) with eyes closure, closed eyes, and opened eyes was evaluated according to Kasteleijn-Nolst Trenité et al. [32] , with and without blue special Carl Zeiss filter lenses F-452 [33] . Opened/closed eyes were evaluated through command, self-paced, passive (the eyelids were opened and closed by the fingers of the examiner), and in the dark (using diving goggles sealed to light). Patients had at least 10 min of recording during a meal (breakfast or lunch). During the recordings, the focus of the camera was at the eyes of the subjects, allowing evaluation of EM occurrence.
We defined three types of EM: a) flicker, a slight rhythmic vibration of the eyelids without tonic spasm; b) flutter, large and rhythmic eyelid movements, like the flapping of a butterfly, during which the upper and lower eyelid move away from each other; and c) jerk, a sudden, rhythmic and quick tremor accompanied by a brief tonic spasm of the eyelids [34, 35] . The EEG findings were grouped as "spiky posterior alpha"; posterior spike and wave complexes; and diffuse spike and wave complexes [35] .
We considered activation as the increase by twice of the number of seizures or epileptic discharges (ED), in comparison to the baseline [29, 30] .
Inclusion and exclusion criteria
Group 1 included 22 JME patients with ECS and EM confirmed by VNPP. Only 4 out of these 22 patients had reported EM in the previous clinical interview and in the questionnaire of precipitant factors. Their data were compared to those of 20 JME patients without any reflex epileptic trait in the same conditions (Group 2). Any other reflex traits occurrence, except for photosensitivity (PS), drugs/alcohol abuse intake, noncompliance, and JS, were considered exclusion criteria.
Follow-up
All patients were followed-up for 2-17 years (mean = 8.21 yrs., SD= ± 5.044). Seizure types and precipitant factors, AEDs therapy, and treatment adherence were observed. All patients were oriented to avoid sleep deprivation and alcohol consumption. They received sodium valproate (VPA) as first choice drug, in mono or polytherapy, and other AEDs considered reasonably effective in JME treatment, such as topiramate, lamotrigine, phenobarbital, and benzodiazepines. AEDs doses were titrated according to the clinical response and the adverse effects. The frequency of seizures was monitored by standard seizure calendars. For the comparative evaluation of AEDs administered, the concept of AED load was applied [36] . It was calculated by summing the ratios between the prescribed dose and the World Health Organization defined doses of each medication [37] .
Myoclonia and absence frequencies were quantified as seizure days per month at the first clinical interview and currently. Regarding TCS and/or MTCS, the frequency per month was assessed at the first evaluation. At present, the sum of all seizures occurring over the last year of follow-up was considered. In addition, the total lifetime number of TCS and/or MTCS was estimated at the last evaluation. 
Statistics
Comparison between Groups 1 and 2 was performed by the nonparametric Mann-Whitney U test for quantitative variables. The Fisher's exact test was applied for qualitative variables. The kappa coefficient was used to evaluate agreement between the questionnaire and VNPP findings. A p-value < 0.05 was considered statistically significant.
Results
Groups were homogeneous with respect to gender, age, duration of epilepsy, previous use of inappropriate AEDs, neuropsychological findings, and circadian distribution of seizures ( Table 1) .
The median age at epilepsy onset was 9 years old. Group 1 patients had a lower age at the epilepsy onset (p = 0.028), and a higher incidence of family history of seizures (p = 0.023). Three patients of this group had febrile seizures.
The epilepsy onset was different in the two groups. The patients of Group 1 had an earlier onset of epilepsy (p = 0.028). Regarding group 1 patients, absences and EM were more prevalent (p = 0.016) and more frequent (0.011) as the initial seizure type (p = 0.006).
Instead, the majority of the patients of Group 2 had epilepsy inaugurated by TCS and/or MTCS (p < 0.001) and limb myoclonia. Age at the epilepsy onset also influenced seizure patterns in Group 1, as the later the beginning, the more frequent the limb myoclonia (p = 0.007) ( Fig. 2 ).
In addition, among 13 patients with PS, 8 (61.6%) startedhaving seizures before 9 years of age (p = 0.031).
Questionnaire
Among the general precipitants of seizures, sleep deprivation was reported by all patients of Group 1 and by 19 out 20 (95.0%) patients of Group 2 (p = 0.476). Stress was reported by 20 out 22 Group 1 patients (90.9%), and just two of whose had normal STAIT (p = 0.026).
With respect to specific triggers, 17 of the 22 (77.3%) patients of Group 1 reported environmental PS (agreement coefficient-kappa = 0.193), while only 4 (18.2%) had self-perception of EM at the interview (agreement coefficient-kappa = 0.021). Visuospatial tasks were referred to as a precipitant of seizures by 3 (13.6%) patients of Group 1, and verbal tasks (reading, speaking) by only 1 (4.5%).
It is worth mentioning that none of our patients had self-induced seizures.
Video-EEG findings
General VNPP data are shown in Table 2 . While 15 of the 22 (68.2%) patients of Group 1 presented EM at baseline, no patient of Group 2 had limb myoclonia (p < 0.001). Interictal discharges on baseline were present in 20 patients (90.9%) of Group 1, and only in 3 (15.0%) of Group 2 (p < 0.001). Moreover, general precipitants such as sleep, HV, and awakening activated discharges and seizures in a higher proportion of JME patients with ECS (p = 0.003; p = 0.025; p < 0.001, respectively).
VNPP data regarding specific tasks inducing discharges and/or seizures in Group 1, as well as activation of discharges and/or seizures, are shown in Table 3 ( Fig. 3 ).
Prognosis
Eighteen out 22 (81.8%) patients in Group 1, and 11 out 20 (55.0%) of Group 2 were not seizure free at the last visit (p = 0.023), and the frequency of limb myoclonia was higher in Group 1 (p = 0.015). EM persisted since the beginning of epilepsy, independently of the therapeutic scheme, in 17/22 patients (77.3%). At epilepsy onset, absences were both, more prevalent (p = 0.016) and more frequent (0.011) in Group 1.
TCS and/or MTCS prevailed in Group 1, at the beginning and currently, since 18/22 patients (81.8%) and 10/20 (50.0%), respectively, presented more than 10 convulsive seizures throughout life (p = 0.013).
In Group 1, PS did not influence the frequency of EM (p = 1.0), the absences (p = 0.648), or TCS and/or MTCS (p = 0.934).
Finally, there were no differences in ICD-10/MINI used to evaluate psychiatric comorbidity (p = 1.0; Table 4 ).
Discussion
Initially associated with JS [8] [9] [10] [11] [12] , EM is considered a type of seizure by ILAE since 2001 [13] , and can be expressed by JME patients [16] [17] [18] [19] [20] [21] [22] [23] [24] . Already documented by Janz in 1969 [38] and present in 5-20% of JME patients, electroencephalographic ECS has never been clinically characterized in detail in this epileptic syndrome [39] , even though some reported that JS and JME may coexist in the same patient [19, 34] .
In this prospective study, we assessed the impact of the presence of ECS reflex trait in 22 JME patients versus 20 patients without any reflex trait, in the long-term (mean 8.21 yrs.) seizure control of all three seizure types.
In Group 1, patients had a lower age at the epilepsy onset and a higher incidence of a familial history of seizures. These data agree with [17] [18] [19] [20] [21] [22] [23] [24] [25] those reported by Caraballo et al. [21] , whose series showed that 39.5% of patients with EM had familial history of epilepsy, and 25% of them had febrile seizures in childhood. Besides that, PS occurrence was significantly related to familial history of epilepsy.
Prognosis
Group 1 had a worse outcome regarding seizure control, as well as a higher frequency of limb myoclonia. While absences were controlled in almost two-thirds of patients (68.2%), EM persisted since the beginning of epilepsy in 77% of them. Moreover, 81.8% had more than 10 TCS and/or MTCS lifelong, in comparison to 50% of the patients without any reflex trait.
In this series, EM appeared as a persistent type of seizure related to earlier epilepsy onset, worse limb myoclonia control, and higher frequency of MTCS and/or TCS lifelong. However, as stated before, data regarding EM control in JME are controversial.
EM semiological characteristics were firstly reported more than 80 years ago, by Radovici et al. [7] , whereas ED and seizures triggered by eye closure began to be studied in 1955 [40] [41] [42] [43] [44] . The first reference to the presence of this reflex trait in JME and its prognosis was published only 34 years later, by Dalla Bernardina et al., in a series of 17 GGE patients with EM (7 with JME) [16] . According to the authors, EM would be an age-dependent electroclinical manifestation that tended to disappear between 15 and 18 years of age, even if patients were previously responding only partially to different treatments. In the series reported by these authors, even though AEDs were maintained throughout the follow-up (6-23 yrs. of age) in all JME patients, except one, the presence of EM did not modify the syndrome outcome.
On the other hand, Caraballo et al. [21] included 26 JME patients among 63 EM cases (some from Dalla Bernardina's series), and 24 of them became seizure free with VPA, ethosuximide, and benzodiazepines administered as mono-or polytherapy. They found that EM in JME were usually controlled before the other seizure types, at the mean age of 12.5 yrs. (3-20 yrs.).
Two other studies reported seizure prognoses in all included JME patients with EM. Destina Yalçin et al. [19] described four female patients with EM and PS, associated with absences, myoclonic jerks causing fallings, and rare generalized tonic-clonic seizures. All patients had good school performance and total seizure control under VPA (1000-1500 mg/day). Sevgi et al. [20] included, retrospectively, 26 adult patients with ECS on EEG recordings, 6 of them with JME. Among the latter, 4 had seizure control with VPA monotherapy, and one with barbexaclone. One patient lost follow-up. They concluded that the prognosis of epilepsy in patients with ECS is excellent and seizures cease after AEDs therapy, implying that ECS is responsive to drugs.
Güvelli et al. [23] included 76 JME patients presenting ECS in EEG recordings, 12 of them with "poor prognosis" (more than one TCS per year, and/or more than 5 myoclonic or absence seizures/clusters per month, despite regular use of appropriate high doses of AEDs). Fifty out 76 patients were taking VPA as monotherapy, and 11 as polytherapy; 10 used other AED combinations, and 5 were not treated. They concluded that ECS is a rare trait in JME, which "does not appear to be a marker of poor prognosis."
Finally, Guaranha et al. [22] and Senol et al. [24] linked EM/ECS with a worse prognosis. In their series, Guaranha et al. [22] included 65 JME patients treated with AEDs (81.6% on VPA monotherapy, 15.8% on topiramate, and 2.6% on benzodiazepines) 13 of whom had EM/ECS documented in a VNPP protocol. In this subgroup, only 4 patients (30.8%) achieved control of the three seizure types. All patients with ECS were not seizure-free. In a more recent series, Senol et al. [24] recruited 61 adult patients with EM (20 with GGEs) and classified them into three groups. Despite using appropriate and adequate AEDs (50% of them were under polytherapy), seizures, including TCS, persisted in 16 (84%) of them. Their data indicate that EM persist in adult life, may be refractory to AEDs, and require lifelong therapy.
Our results are in line with those of the latter authors [22, 24] . However, our series included patients with EM documented in VNPP and followed prospectively, while all the other authors, except Guaranha et al. [21] , defined EM based on standard EEGs in patients followed retrospectively [16, 19-,24] .
Eye closure sensitivity and photosensitivity
Of the ECS patients, 17 reported environmental PS and only 13 were photosensitive on VNPP. It is possible that the non-confirmation of photosensitivity in VNPP in these four patients may have been due to age at which the video-EEG tests were performed, since PS is a feature that becomes less frequent over the years. It is important to re-emphasize that none of the patients in Group 2 reported neither PS nor other reflex traits.
There is a considerable overlap between eye-closure sensitivity and photosensitivity, but these two reflex traits seem to be independent and develop differently over time [45] . A study regarding the visual system in EMA states that there is a "strict link" between ECS and PS, but all the 15 included cases with EMA were photosensitive, compared to 14 non-photosensitive patients with absence epilepsies and to 16 healthy controls. The EMA patients differed from both other groups by BOLD signal activation of the occipital cortex immediately upon closing the eyes, regardless of whether or not the closing of the eyes had triggered epileptiform discharges or not [46] . The authors interpreted that this finding would indicate an intrinsic functional abnormal state after eyeclosure. However, it is unknown if the occipital activation relates to ECS or to PS since all patients had both traits [47] . ECS is only provoked by slow eye closure, which is generated in the supplementary motor area (SMA), and never by physiological blinking or by nociceptive reflex blinks. Therefore, the SMA has a central role in the ictogenesis and its interaction with the visual system still remains to be clarified [48] .
Eye closure sensitivity in Juvenile myoclonic epilepsy and Jeavons syndrome
Regarding the prognosis in JS seizures commonly persist through a patient's lifetime, and many of them remain drug-resistant throughout life [49] , similarly to what occurs with ECS in JME in our series. A recent study, including 30 patients with diagnostic criteria of JS, emphasized that after two years of follow-up, 80% of patients had drugresistant epilepsy [50] . Compared with our data and again similar to ECS in JME, there was a diagnosis delay and a high incidence of generalized TCS over the follow-up. 
Eye closure sensitivity occurrence in Juvenile myoclonic epilepsy
The occurrence of EM in JME is possibly underestimated since only 18.2% of our patients reported self-perception of EM at the clinical interview and/or questionnaire. This percentage is in line with Striano et al. [11] and Covanis [12] . In contrast with Joshi and Patrick [51] , who suggested that standard EEG would be sufficient for EM diagnosis, the brief duration of EM, as well as their subtle semiological manifestation, would make this condition easily overlooked or misinterpreted in routine EEG [9, 52] . One pitfall for the recognition of this epileptic trait is that the room needs to be illuminated since it is inhibited in darkness environments -a condition usually presents in standard EEGs [10, 20, 21] . In addition, the EEG abnormalities accompanying EM are heterogeneous [52] . The correlation of EEG with EM is variable from no changes in milder, "abortive" EM [10] to generalized spike and polyspike and wave complexes [35] . In this sense, we strongly disagree with Striano and Striano's assertion [53] that "some patients may show persistence of eyelid fluttering even without concomitant EEG abnormalities, probably as a behavioral habit in subjects with a previous history of self-induced seizures." It would be risky to assume that EM is not epileptic in nature because there are no EEG changes [10, 54] . An intermediary picture is the "spiky posterior alpha", that differs from the "squeak effect" reported in normal subjects. While in the latter the frequency of the alpha rhythm increases 2 Hz for 1-2 s immediately following eye closure [55] the "spiky posterior alpha" includes spike components, irregularities, and a higher amplitude sometimes spreading to the frontal regions associated with sustained eye closure [40, 56] .
An interesting point regarding VNPP in our patients with ECS and PS is that the propensity to activation of ED and/or seizures was increased by awakening after sleep deprivation and during eating. Probably, synkinesis of associated movements between cranial nerves and stretched spindles of oral muscles may synchronize oral-lid comovements [35] . The patterns of activation could be an additional pitfall in the diagnosis of ECS reflex trait in standard EEG.
Finally, genetic confounding factors might be responsible, at least in part, for these contradictory results regarding ECS in JME outcome. JME genetics is complex and heterogeneous and still remains not completely clarified [26] . Within the JME spectrum, some endophenotypes as PS might be defined as intermediate genetic components of diseases with complex genetics [57] . Genes related or not to ion channels have been identified, like CACNB4, GABRA1, and EFHC1, described in some families with JME, as well as SNP alleles in BRD2 [57] . Photosensitive seizures can occur in specific epilepsy syndromes, in association with other seizure types, such as JME. The photoparoxysmal response is highly heritable [58] [59] [60] [61] . A study hypothesized that CHD2 disruption would be associated with common forms of photosensitive epilepsy or photosensitivity manifesting as a photoparoxysmal response alone [62] . The authors identified CHD2 as a photosensitive epilepsy gene. CHD2 is also the first gene to be discovered for EMA, and they suggested that CHD2 is an important contributor to both, the absence seizures with eyelid myoclonia seizure type and JS [62] . Genetic background may influence the clinical manifestations, AEDs response, and outcomes, both in the comparison of JME patients with and without reflex traits, and among those from different populations around the world.
Conclusions
Patients with ECS reflex trait had a lower age at epilepsy onset and a higher incidence of a familial history of epilepsy and febrile seizures.
PS was not an independent variable for prognosis, and the psychiatric comorbidity did not have prognostic implications.
In this series, ECS was related to worse outcome regarding control of all seizure types, the persistence of EM in around two-thirds of patients, and a higher frequency of limb myoclonia currently, as well as of the total number of TCS and/or MTCS.
Limitations of the study
Our study was conducted in a tertiary specialized epilepsy center, Table 4 The frequency of differentseizure types at epilepsy onset and currently, antiepileptic drugs intake, and psychiatric disorders in patients with juvenile myoclonic epilepsy with eye closure sensitivity or without reflex traits. JME with eye closure sensitivity JME without any reflex trait p 
